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Real Time Control for Charging
Optimization in Hybrid Electric Vehicles
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Abstract: A huge inrush of Hybrid Electric Vehicles (HEVs) is envisioned in the future. As a new generation of
transport, electric vehicles have several advantages compared with traditional vehicle in the aspects of energy
conservation and emissions reduction and reducing human dependence on traditional fossil fuel. As increase in
Electric Vehicle (EV) around the world, making EVs user friendly becomes more important. The main challenge
in usage of HEV is the charging time required for the batteries used in HEV, lack of charging stations and therefore
charging within existing distribution system infrastructure. To provide a reliable journey for vehicles this system is
proposed. This is a mobile information system for EV and it is aimed at giving the relevant information about the
electric vehicle. With the Android application, the users will be able to save time and plan their ways accordingly.

Index Terms: Hybrid Electric Vehicle (HEV), State of Charge (SOC), Charging Stations (CS), Charging Station
Selection Server (CSS)

1. INTRODUCTION

Electric vehicles (EVs) have received considerable attention in recent times as an eco-friendly and cost
effective alternative over conventional vehicles driven by internal combustion engines (ICEs). [1] They have
lower operating costs with respect to ICE vehicles and can be also charged with locally produced renewable
energy sources (RESs). [2]. Connection to the electric power grid allows opportunities such as ancillary
services, reactive power support, tracking the output of renewable energy sources, and load balance. The
important issue about EV charging is to deploy an efficient smart grid network that can effectively and
conveniently charge the EVs. The secondary batteries are the main sources of electric vehicles. Thus, the
energy management and the battery capacity plays a vital role in the development of hybrid electric vehicles
(HEV). [3] The main challenge in the HEV is the charging time required for the batteries and insufficiency
of charging stations (CS). [4] The second challenge for the EV’s is their battery capacity which ranges from
8.6 KWh to 15.2 KWh. The consequent disadvantage is that the charging time for above mentioned size,
in a level 1 household charger (120 V, 50 Hz, 15-20 A) is more than 15 hours. [5] In future, the number of
electric vehicles will be increasing to a greater extent, these electric vehicles have to re-charge their battery
in a place (i.e.) charging station, so there will be a growing need of public accessing charging stations. [6]
This will have a significant impact on the power systems like transformers, protection devices etc. With
respect to the varying load, it will have an impact on the consumers and vendors due to the traffic at these
station, waiting time for charging the vehicles will increase etc. So to improve all these factors there should
be a proper monitoring systems to manage them, like the smart grid technologies monitoring the load on the
power grids [7-9]. Therefore both the consumer and vendor will get assistance from a communication system
which shares useful data regarding the charging station, whether the charging slots are free, rate at which
charging is done and the cost per unit. This is basically what is known as vehicle to grid communication
(V2G). [10] The objective is to develop an application it connects the user and vendor. The added feature
in the developed application is the vendor can sell their entity through the means of bidding process. It
can be done by adding the charging station through online GPS map, so that the viewer can choose the
closest station based on the cost per unit. Figure 1 explains the load forecasting. Load forecasting helps to
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predict the peak loads, according to the peak load the number of cars that can be charged is estimated. The
information is stored in the charging station server.

IV Fulin

Figure 1: Load Forecasting

As we known, the most distinct characteristic of batteries is longer recharging times and short battery
cycle life, which badly restrict the development of EV. [11] As for the EV charging station, its main objectives
include certainly short recharge times, high charge efficiencies and improved battery life. Charge times
and cycle life of battery are closely linked with charging pattern. Choosing the right charging pattern base
on the actual condition ensures high charge efficiencies and improved cycle life. In the proposed idea the
mobile application is used to show the details of the electric vehicle and it is communicated to the charging
station server. The charging station server indicates the availability of the parking slots to the users so that
they can prefer the charging stations. This helps the EV users to save their time.

2. HARDWARE ARCHITECTURE

The hardware architecture is mainly developed for the convenience of the electric vehicle users. The main
modules and functionalities are illustrated in Figure 2 and are described below

A. EV Charging module

1. House-hold Charging point: Level 1 charging equipment is standard on vehicles and therefore is
portable and does not require the installation of charging equipment. On one end of the provided cord
is a standard three prong household plug. On the other end is a connector, which plugs into the vehicle.
Depending on the battery technology used in the vehicle, Level 1 charging generally takes 8 to 12 hours
to completely charge a fully depleted battery. [19].

2. Public Charging Stations: The public charging equipment offers charging through a 240 V, AC plug
and requires installation of home charging or public charging equipment. These units require a dedicated
40 amp circuit. Public charging equipment is compatible with all electric vehicles and plugin electric
hybrid vehicles. Public chargers have a cord that plugs directly into the vehicle in the same connector



Real Time Control for Charging Optimization in Hybrid Electric Vehicles 531

| MOBILE APPLICATION |
: |
Driver Profile Interface to external systems [
EV Electricity Transportation

EV Range Emergency market &Infrastructure

Charging Prediction Call ‘I i}
s
. ¢ Prices * Parking lot
: i SOC +  Energy * Vehicle to
| Main Function * Speed praduction Charging Station
Temperature information Communication

* Smart i

Charging * Range
+ Reserve representatio

Charging Slots n and route
« Remote guidance

Interaction * Charge need
+ Energy to reach

transaction destination

logs //

Figure 2: Android application main modules and functionalities

location used for Level 1 equipment. Depending on the battery technology used in the vehicle, public
charging generally takes 4 to 6 hours to completely charge a fully depleted battery. Charging time can
increase in cold temperature. Lithium ion batteries supports the charging temperature of 0°C to 45°C
(32°F to 113°F) and discharging temperature of —20°C to 60°C (—4°F to 140°F). No charging is permitted
below freezing point. There will be good charging and discharging performance at higher temperatures
but the life of the battery will be affected. Public chargers are commonly found in residential settings,
public parking areas, places of employment and commercial settings [20].

B. Range Prediction

It provides guidance to the CS with the possibility of reserving a charging slot using the range charging
assistant function. Based on the battery state-of-charge (SOC) [21], and remaining distance, the system can
calculate the minimum energy required in the batteries and it indicates the driver whether the destination
can be reached or not with the present SOC. So that the users can make it possible to reach the desired
destination or they can plan to reach the nearest CS. The range prediction can be estimated using the formula
given in Distance estimation in Chapter III.

C. Emergency Call

The Emergency call system paves the way to access the mobile charging station. It is accessed when the
nearest charging station cannot be reached. When the EV’s battery SOC is very low, the EV’s location
will be sent to the mobile charging stations. The SOC describes the Battery’s remaining power. The SOC
and DOD is defined by the following equations (1) and (2)

SOC = [Qmml - %) X100 (1)

total

DOD =1 - SOC )
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D. External Interface System

Where Q,, 1s the charge available before discharging of the battery
Q. 1s the charge during discharging of the battery.
DOD is the Depth of Discharge

The Battery SOC, speed and the temperature must be communicated to the android application via Bluetooth.
Bluetooth is preferred because it can communicate up to the distance of 100 meters. So that we can achieve
the prediction of reaching the destination.

E. Points of Interest

Information related to points of interest (POI) is preloaded on the system, such that the driver can perform
a quick search for any desired POI near the present location. This information is also used for guidance to
FEV battery charging points that remain at a predefined distance [22].

F. Parking Places

Information associated with available parking places and remote reservation of EVs battery charging slots
[22-23]. And the nearest parks and motels are also indicated.

3.

RESULTS AND DISCUSSIONS
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Figure 3: Flow chart for the determination of SOC

Amps =

The SOC is measured using the following equations (3), (4), (5) and (6)
_ Voltage

0.060
Watts = Amps x Voltage

3)
4)
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Amphours = Amps X Time 5)
3600

SOC = 400—Amphours><100 ©6)
400

A. Monitoring the battery SOC

Hardware implementation includes the connection of battery with the Arduino UNO board and then
monitoring the voltage of the battery. In this the battery is connected to one end of the voltage divider and
the other end of the voltage divider is connected to the pin A, of the Arduino UNO board.

A paii i L B0
Peranid

Figure 4: Monitoring the battery voltage

The ground pin is connected to the negative terminal of the battery. In this the voltage of 9V battery is
measured and it is displayed in the PC using the serial port which has the baud rate of 9600. The voltage
measured is 8.54 V for a 9 V battery. The battery voltage is measured using the voltage divider rule. The
connection of 9 V Battery to the Arduino UNO is shown in the above Figure 4.

WattHours = 1.40
SOC=98.14
Cost =5.60
Voltage = 8.34
ampHours =0.17
WattHours = 1.40
SOC=98.13
Cost=5.62

Voltage = 8.34
ampHours = 0.17
WattHours = 1.41
SOC=98.12
Cost = 5.66
Voltage = 8.34
ampHours =0.17

Figure 5: Battery Voltage - Display
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B. Arduino — Bluetooth Interface

The Figure 6 shows the interfacing of the Bluetooth Module to arduino for receiving the battery voltage and
SOC from the arduino to android mobile. The key pin of the Bluetooth module is connected to the 3.3V
of the arduino board, the VCC pin is connected to the 5V pin of the arduino. The TX pin of the Bluetooth
module is connected with the RX pin of the arduino board. The RX pin of the Bluetooth module is connected
with the TX pin of the arduino board. The battery voltage is communicated to the android via the Bluetooth
module. The Bluetooth module used here is HC — 05. It supports the baud rate 9600. The Voltage is then
displayed in the android is shown in Figure 6.

Figure 6: Arduino — Bluetooth Interface

C. Algorithm for Route Prediction

Charging Station Selection server (CSS) traces the instantaneous location of a vehicle and taps the range
available with it. It proposes all the charging stations covering the limit.CSS communicates with other
vehicles to determine the road traffic and gives an approximate time and charge remaining, until a specific
charging station is reached. It also suggests an alternate route to the nearest charging station in case of
heavy traffic. The driver chooses the charging type and blocks a slot considering least waiting time. The
CSS uses mobile network to communicate with the vehicle and CSs. It also proposes the current metering
scheme at particular CS and compares with other CS price. It also can be done through a demand based
metering system where EVs will be charged according to peak time and peak load.
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Figure 7: Route Prediction Algorithm

D. Distance Estimation

Speed, Battery pack KW rating, driving conditions, aerodynamics, vehicle weight, hills, temperature,
driving styles and several others play a vital role in the distance prediction. Here the Battery pack KW
rating and the speed is considered for the distance estimation. The equations (7), (8) and (9) are used for
the distance estimation.

Battery pack size(KW)
Watt-hour/mile

Distance =

(7)
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-h A
Watt‘ OUr _ \rolts @pere draw )
mile mile per hour
Battery pack size (KW) = pack voltage x Amp-Hour rating 9)

4. CONCLUSION

The main aim is to develop an android application for the electric vehicle users. It mainly concentrates on
measuring the battery state of charge. After measuring the SOC it must be communicated to the android
application via the Bluetooth module (HC — 05). An algorithm must be developed in order to predict
whether the destination can be reached with the current state of charge in the electric vehicles battery. And
to evaluate this Google maps are integrated with the temperature according to that also the prediction of
reaching the destination can be done. The charging station serves the electric vehicles based on the token
system so requesting for the token in the charging station is also included in the android application. Mainly
the android application was developed for the convenience of electrical users. For the future implementation
the bidding process can be used in the allocation of parking lot to the electrical users.
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